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(54) Ink jet recording head and recording apparatus carrying the head thereon 



(57) This specification discloses an ink jet recording 
head in which discharge energy is imparted from a plu- 
rality of discharge energy generating elements (8) 
formed on an element substrate (1) and ink in an ink 
flow path is discharged from a nozzle (7), 
characterized in that a driving element for driving the 



discharge energy generating elements and also having 
the function as a temperature sensor and formed as a 
member discrete from the element substrate is mounted 
on the element substrate. The specification also disclos- 
es a recording apparatus having signal transmitting 
means for driving the ink jet recording head. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an ink jet recording 
head and a recording apparatus. 

Related Background Art 

[0002] For example, a thermal recording system, an 
ink jet recording system, etc., have heretofore been 
adopted as the recording system of a recording appa- 
ratus such as a printer. The thermal recording system is 
a system which uses a heat generating element to make 
heat act on thermosensitive paper and cause coloring 
or melt the ink of an ink ribbon and transfer it to a re- 
cording medium to thereby effect recording. 
[0003] Also, the ink jet recording system is a recording 
system which causes ink to be discharged from a nozzle 
(discharge port) disposed in an ink jet recording head, 
and causes the ink to adhere to a recording material 
such as paper to thereby effect recording, and suffers 
very little from the occurrence of noise and can accom- 
plish high-speed recording and has recently widely 
spread. As the ink jet recording head, there is known 
one provided with a piezoelectric element or a heat gen- 
erating element. Particularly, a recording head of the so- 
called bubble jet type which has a heat generating ele- 
ment and causes heat energy to act on ink and suddenly 
heats the ink to thereby create a bubble, and jets the ink 
in an ink flow path as a liquid droplet from a nozzle by 
the expansion of volume by the bubbling, and introduces 
the ink from an ink chamber into the ink flow path during 
the disappearance of the bubble, has the merits that it 
is good in the responsiveness to a recording signal and 
that it is easy to make it highly dense. 
[0004] To effect image formation of high dignity in 
such an ink jet recording head, it is necessary to keep 
the amount of discharged liquid droplet per each ink dis- 
charge constant to the utmost. This amount of dis- 
charged liquid droplet is governed by the temperature 
of the recording head, but the temperature of particularly 
a recording head comprised of a heat generating ele- 
ment disposed therein is varied by the difference in duty 
(the duty of a driving signal) conforming to data to be 
recorded or a change in environmental temperature. So, 
there has heretofore been adopted a construction in 
which provision is made of a temperature sensor exclu- 
sively for detecting the temperature of the recording 
head, and any temperature change is monitored by this 
temperature sensor and correspondingly to the result of 
the monitoring, a heater is heated or a printing speed is 
controlled to thereby control the temperature of the re- 
cording head so as to be kept constant, thereby achiev- 
ing the uniformization of the amount of discharged liquid 
droplet and further a higher quality of image. 



[0005] As an example of such an ink jet recording 
head, a so-called long head having a number of dis- 
charge ports (nozzles) is shown in Figs. 1 and 2 of the 
accompanying drawings. Briefly describing this con- 
5 struction, a flow path substrate 13 formed with an ink 
flow path 16 is laminated on and secured to an element 
substrate 21 provided with a plurality of heat generating 
elements 12 which are discharge energy generating 
means, and the heat generating elements 12 are locat- 
10 ed in respective nozzles 17. A plurality of driving ele- 
ments 18 for driving the heat generating elements 12 
independently of each other are provided on the ele- 
ment substrate 21 , and the tip end of the ink flow path 
16 which is supplied with ink from ink supply tubes 22A 

15 and 22B through ink supply joints 20A and 20B provides 
the nozzles 1 7. The laminated element substrate 21 and 
flow path substrate 13 are disposed on a holding sub- 
strate 14. A circuit substrate 15 is also provided on the 
holding substrate 14, and the circuit substrate 15 and 

20 the element substrate 21 are connected together by a 
bonding wire 1 9. Mounting portions 23 are provided on 
the holding substrate 14 at several locations in the di- 
rection of row of the nozzles 1 7, and by these mounting 
portions 23, a temperature sensor (thermistor) 24 for de- 

25 tecting the temperature of the recording head is mount- 
ed while facing the heat generating elements 12. The 
mounting portions 23 are formed of solidified paste of 
good heat conductivity, and are quickened in the heat 
conduction to the temperature sensor 24. The result of 

30 the temperature detection by the temperature sensor 24 
is transmitted to control means, not shown, through wir- 
ing 25 creeping on the underside of the holding sub- 
strate 1 4. 

[0006] According to the above-described example of 

35 the const ructbn, the temperature control of the record- 
ing head is possible by the utilization of the temperature 
sensor 24, but the step of working a space for mounting 
the temperature sensor 24 on the holding substrate 1 4, 
or mounting in that space the temperature sensor 24 us- 

^0 ing the mounting portions 23 formed of paste is cumber- 
some and the working property is bad, and this construc- 
tion is unsuitable for mass production and leads to a high 
manufacturing cost. There is also the problem that the 
temperature sensor 24 itself is expensive. 

45 [0007] Also, in the construction according to the prior 
art, the temperature sensor has been disposed very 
near to the heat generating element of the recording 
head so that the accuracy of the detection of heat may 
be maintained high and quick driving control may be ex- 

so ecuted. However, in the size of the ink jet recording 
head, there is no such great difference in the transfer of 
heat from the heat generating element between an area 
very near to the heat generating element and an area 
far from the heat generating element that substantially 

55 a problem arises. 

[0008] Accordingly, it is possible to effect temperature 
detection on the element substrate far from the location 
at which the heat generating element is disposed. 
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[0009] Now, a driving element is disposed on the ele- 
ment substrate constituting the recording head. This 
driving element is a semiconductor element and there- 
fore a diode can be easily made therein. I have come to 
the idea that if so, the temperature characteristic of the 
diode made in the driving element is utilized, whereby 
the diode can be made to function as a diode sensor 
and the driving element can be used also as a temper- 
ature detecting element. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made on the 
basis of the above-described idea and an object thereof 
is to provide a recording head and a recording apparatus 
in which a drive is made in a driving element and it is 
utilized as a temperature sensor and is mounted on the 
element substrate of the recording head to thereby ef- 
fect the detection of the temperature of the recording 
head and the dignity of recording can be improved. 
[0011] It is also an object of the present invention to 
provide an ink jet recording head and a recording appa- 
ratus which can reliably effect temperature detection 
and can eliminate the step of mounting a temperature 
sensor for exclusive use and which is low in cost and 
simple to manufacture and which can improve produc- 
tivity and is capable of effecting temperature control. 
[0012] The present invention is an ink jet recording 
head in which discharge energy is imparted from a plu- 
rality of discharge energy generating elements formed 
on an element substrate and ink in an ink flow path is 
discharged from a nozzle, characterized in that a driving 
element for driving the discharge energy generating el- 
ements and also having the function as a temperature 
sensor and formed as a member discrete from the ele- 
ment substrate is mounted on the element substrate. 
[0013] The ink discharging operation is controlled on 
the basis of the result of the temperature detection by 
the driving element. 

[0014] The discharge energy generating elements 
are heat generating elements. 

[001 5] The recording apparatus of the present inven- 
tion has the ink jet recording head of the aforedescribed 
construction. 

[0016] Thus, a temperature sensor for exclusive use 
as a member discrete from the element substrate and 
the driving element becomes unnecessary, and produc- 
tivity and cost can be improved. It is possible to find the 
temperature of the recording head directly concerned in 
ink discharge on the basis of the result of the tempera- 
ture detection by the driving element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] Fig. 1 is a perspective view of an in k jet record- 
ing head according to the prior art. 
[001 8] Fig. 2 is a fragmentary enlarged cross -section- 
al view of the ink jet recording head of Fig. 1 . 
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[0019] Fig. 3 is a schematic top plan view of an em- 
bodiment of the ink jet recording head of the present in- 
vention. 

[0020] Fig. 4A is a schematic view of the vicinity of a 
s driving element showing the circle 4A of Fig. 3 taken out 
with a spring member removed, and Fig. 4B is a cross- 
sectional view taken along the line 4B - 4B of Fig. 4A. 
[0021] Fig. 5 A and 5B are schematic views showing 
an example of the joint between the driving element and 
10 a substrate. 

[0022] Fig. 6 is a graph showing an example of the 
relation between the detection temperature by the driv- 
ing element and the temperature of the recording head. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0023] An embodiment of the present invention will 
hereinafter be described with reference to the drawings. 
[0024] As shown in Figs. 3, 4A and 4B, a flow path 
20 substrate 3 formed with an ink flow path 6 is laminated 
on and secured to an element substrate 1 of aluminum 
on which are provided a plurality of heat generating el- 
ements 2 which are discharge energy generating 
means, and the heat generating elements 2 are located 
25 in the ink flow path 6. A plurality of driving elements 8 
for driving the heat generating elements 2 independent- 
ly of one another are provided on the element substrate 
1 , and the heat generating elements 2 and the driving 
elements 8 are electrically connected together by a con- 
30 duction pattern (a wiring pattern of Al or the like formed 
by film forming technique), not shown. The tip end of the 
ink flow path 6 through which ink flows from ink supply 
tubes 11 A and 11 B through ink supply couplings joints 
10A and 10B provides a nozzle (discharge port) 7. Fil- 
35 ters are disposed in the ink supply couplings to prevent 
the entry of dust from the outside. The laminated ele- 
ment substrate 1 and flow path substrate 3 are fixed onto 
a holding substrate 4. A circuit substrate 5 is also fixed 
to the holding substrate 4, and the circuit substrate 5 
40 and the element substrate 1 are connected together by 
a bonding wire 9. The circuit substrate 5 effects the ex- 
change of electrical signals with control means, not 
shown, disposed on a recording apparatus side, through 
a print cable or the like, not shown. Accordingly, electri- 
cs cal conduction is established from the control means to 
the heat generating elements 2 through the print cable 
connected to the control means, a connector 31 , the cir- 
cuit substrate 5, the bonding wire 9 and the driving ele- 
ments 8. A pressure bar spring 30 is provided above the 
discharge element to aid in the close contact of the noz- 
zle portion. Fig. 4A is a top plan view of a location des- 
ignated by a circle 4A in Fig. 3 with the keep spring re- 
moved, and Fig. 4B is a cross-sectional view taken 
along the line 4B - 4B of Fig. 4A. 
55 [0025] The driving elements 8 of the p resent invention 
have the function of a temperature sensor. Specifically, 
an integrated circuit including a diode sensor using the 
temperature characteristic of a diode is used as each 
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driving element 8. These driving elements 8 are directly 
mounted on the element substrate 1 by the flip chip 
mounting technique. As an example of the construction 
mounted by ACF mounting is shown in Fig. 5, an ACF 
33 is disposed on a bump 32A on the substrate side, 
and the bump 32B of each driving element is aligned 
therewith, and the ACF 33 is mounted by pressure/heat. 
The ACF 33 includes metallic particles 34 therein, 
whereby the connection between the bumps is done. 
The circuit forming surfaces of the driving elements 8 
are mounted so as to be opposed to that surface of the 
substrate 1 on which the heat generating elements 2 are 
formed. 

[0026] The operation of this ink jet recording head will 
now be described. 

[0027] When a recording signal is supplied from the 
control means, not shown, this recording signal is trans- 
mitted to the driving elements 8 through the print cable, 
not shown, the circuit substrate 5 and the bonding wire 
9, and on the basis of this recording signal, the driving 
elements 8 drive the heat generating elements 2. When 
the driven heat generating elements 2 generate heat, 
the ink in the ink flow path 6 becomes high in tempera- 
ture and creates a bubble. At this time, by the increase 
in volume by this bubble creation, the ink is discharged 
from the nozzle 7 toward an outside recording medium 
(not shown) and recording is effected. At that time, the 
diode sensors in the driving elements 8 effect tempera- 
ture detection, and the result of the temperature detec- 
tion is transmitted to a control circuit, not shown, through 
the circuit substrate 5, etc. In the control circuit, data as 
shown in the graph of Fig. 6 wherein the detection tem- 
perature by the driving elements 8 and the temperature 
of the recording head concerned in the actual ink dis- 
charge are made to correspond to each other is stored 
as a table. Accordingly, the control circuit finds the tem- 
perature of the recording head from the result of the tem- 
perature detection by the driving elements 8 having the 
function of a temperature sensor, and controls the driv- 
ing (such as generated heat temperature, driving fre- 
quency and discharge speed) of the heat generating el- 
ements 2, and effects the heating of the recording head 
by a heater, not shown. When during recording, the re- 
sult of temperature detection changes with the heat gen- 
eration of the heat generating elements 2 and the driving 
elements 8 themselves or a change in the environmen- 
tal temperature, control is effected by coping with it on 
real time. To cope with a temperature change more ac- 
curately, it is preferable to find the relation as shown in 
Fig. 6 at each environmental temperature. 
[0028] According to the present invention, the driving 
elements 8 can be given the function of a temperature 
sensor by the same step without changing the manufac- 
turing step of the driving elements 8, and temperature 
control becomes possible without increasing the cost. 
Thus, a temperature sensor is provided in opposed re- 
lationship with the surface of the element substrate 1 
and therefore, the temperature of the element substrate 



1 at a distance from the heat generating elements 2 can 
also be detected by this sensor. 
[0029] Also, the driving elements 8 are given the func- 
tion of a temperature sensor and these elements are 
5 . mounted on the element substrate of the head, whereby 
good driving elements can be chosen and mounted on 
a good head and therefore, a good head can be ob- 
tained easily. 

[0030] While the head of the above-described con- 
to struction has been described with respect to a head of 
a long type provided with a number of nozzles, the 
present invention is of course not restricted thereto. In 
the head of a long type, however, it is more preferable 
to take it into consideration from the difficulty of the man- 
is ufacture of the head that good driving elements and a . 
good head are combined together, whereby a head can 
be completed. 

[0031] The head of such a long type can of course be 
constructed by the use of not only an element substrate 
made of aluminum, but also a substrate made of silicon. 
Again in this case, it is preferable to adopt the construc- 
tion in which the driving elements are mounted as dis- 
crete members and are used also as temperature sen- 
sors. 

[0032] As described above, according to the present 
invention, the driving elements are given the function of 
a temperature sensor and detect temperature, whereby 
the temperature of the recording head can be known 
and control conforming to this temperature of the record- 
ing '.head can be effected. Thereby, the uniformization 
of the amount of discharge liquid droplet is possible and 
recording of high quality can be effected stably. Moreo- 
ver, cost and productivity can be greatly improved. 
[0033] This specification discloses an ink jet recording 
head in which discharge energy is imparted from a plu- 
rality of discharge energy generating elements formed 
on an element substrate and ink in an ink flow path is 
discharged from a nozzle, characterized in that a driving 
element for driving the discharge energy generating el- 
ements and also having the function as a temperature 
sensor and formed as a member discrete from the ele- 
ment substrate is mounted on the element substrate. 
The specification also discloses a recording apparatus 
having signal transmitting means for driving the ink jet 
recording head. 



Claims 

1 . An ink jet recording head in which discharge energy 
is imparted from a plurality of discharge energy gen- 
erating elements formed on an element substrate 
and ink in an ink flow path is discharged from a noz- 
zle, characterized in that a driving element for driv- 
ing said discharge energy generating elements and 
also having the function as a temperature sensor 
and formed as a memberdiscrete from said element 
substrate is mounted on said element substrate. 



25 



30 



35 



40 



45 



SO 



7 EP 0 928 691 A2 S 1 

2. An ink jet recording head according to Claim 1 , 
wherein the ink discharging operation is controlled 
on the basis of the result of the temperature detec- 
tion by said driving element. 

5 

3. An ink jet recording head according to Claim 1 or 2, 
wherein said discharge energy generating ele- 
ments are heat generating elements. 

4. A recording apparatus having signal transmitting 10 
means for driving an ink jet recording head accord- 
ing to Claim!. 
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FIG. 2 
PRIOR ART 
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(54) Ink jet recording head and recording apparatus carrying the head thereon 



(57) This specification discloses an ink jet recording 
head in which discharge energy is imparted from a plu- 
rality of discharge energy generating elements (8) 
formed on an element substrate (1) and ink in an ink 
flow path is discharged from a nozzle (7), 
characterized in that a driving element for driving the 



discharge energy generating elements and also having 
the function as a temperature sensor and formed as a 
member discrete from the element substrate is mounted 
on the element substrate. The specification alsodisclos- 
es a recording apparatus having signal transmitting 
means for driving the ink jet recording head. 
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